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W ater Su~~l~ Forecasting

June 9, 1992 Technical Worksho~

The California Cooperative Snow Surveys Program began over 60 years ago in

1929, when the State Legislature established a formal program to replace the

sporadic and uncoordinated one that had existed since before World War I.

Each spring, about 50 agencies pool their efforts in collecting snow data at about

300 snow courses. The snowpack information is used to predict how much spring

runoff to expect. The water forecasts are vital for planning and management of

the State's water resources systems -to benefit all Californians.

Runoff forecasts are made systematically, based on historical regression

relationships between the volume of April through July runoff and the snow water

content, precipitation, and runoff in preceding months. These are the primary

hydrologic variables and we will spend today describing how these variables are

measured or calculated and how the data are used in forecasting.

1
co; cO, i



..

How Snow Course Measurements Are Made

Snowpack water equivalent measurements are made at about 310 locations throughout California.
These data collection sites are called snow courses. A snow course is simply a transect along
which snow depth and water equivalent observations are made at a fixed number of points,
usually at a regular interval. Courses generally consist of between 7-10 sample points. A typical
snowcourse map is attached. Courses are located through out the State from the Santa Ana River
in the South to Surprise Valley in the North. Courses range in elevation from 4350 feet in the
Mokelumne River Basin to 11,450 feet in the San Joaquin River Basin.

Courses are distributed within a drainage basin to reflect the differing pattern of snow
accumulation. Locations are intended to reflect the vegetation, geographical and elevation
variations for a particular basin.

Observations are made by first measuring from an endpoint marker, usually a tree or 2 inch
galvanized pipe sunk in the ground with a standard snow course marker affixed to it. The
surveyors measure off the distance from the endpoint to the first point according to the map and
make their first observation. The surveyors keep themselves on the course by lining up between
the end points.

The actual measurements of snow water equivalent are made gravimetrically. A tube,
approximately 1.5 inches in diameter, with graduated markings on the outside is pushed
vertically into the snow to extract a core sample of snow from the surface to the ground. Tube
sections are 30 inches in length and threaded and a sample set consists of 4 to 6 sections such
that an appropriate number of tubes can be assembled to penetrate the entire pack. The core
sample is then weighed inside the tube using a scale. The core sample is discarded and the
weight of the empty tube recorded. The difference between the weight of the tube with the core
and without the core is the weight of the snow itself. Since snow is frozen water and air, the
weight of the snow is the weight of the water. The diameter of the snow tube has been
determined so that one ounce of water is equivalent to one inch of water.

This procedure is repeated at each point on the course. When all points have been sampled, the
depth and water content values are summed and averaged. Each snow course will have one
average depth and water content value for the date of measurement. The density is determined
by the water content divided by the depth and assists in quality control.

The Department puts forth a considerable effort in standardizing snow course data collection.
DWR conducts training in the field with cooperating agencies and checks the arithmetic on
nearl y 1000 snow notes each year.
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UNIMPAIRED RUNOFF

Since the relationships of runoff to precipitation, snow, and other hydrologic
variables are natural, we prefer to work with natural or unimpaired runoff.
These are the amounts of water produced in a stream unaltered by upstream
diversions, storage, or by export or import of water to or from other basins.
To get unimpaired runoff, measured flow amounts have to be adjusted to take
out the effect of man-made works, such as reservoir, diversions, or imports.
All forecasts, whether for the April through July snowmelt runoff period or for
the entire water year, October through September, are for unimpaired runoff.

The attached chart shows, in a simplified manner, the calculation of unimpaired
runoff at Station A. To do so, we need the measured flow at the station, then
adjust for the following items:

1. Reservoir storage change (... S)

2. Reservoir evaporation, if significant (E)

3. Add exports to other basins or which bypass the measuring station.
(Ex)

4. Subtract imports from outside the river basin (I)

5. Add diversions of water to irrigated or urban lands within the basin
(DIV)

6. Subtract return flow from these same irrigated lands (RF)

Often, items 5 and 6 are combined into a single-term, depletion, which
represents the consumption of water on developed lands within a basin. In
many of our mountain basins, development is not significant and the term can
be ignored.

The tabulation provides a sample of the calculation of unimpaired runoff for the
Yuba River at Smartville for the month of February during two recent years.
Note that there are many reservoirs and diversions to consider.

An initial calculation of unimpaired runoff is made during the current year
using preliminary data from a large number of sources. Eventually, as records
are checked and published a final determination of monthly unimpaired flow is
made, which may differ slightly from the earlier values. Accurate estimates of
unimpaired runoff are absolutely essential to forecasting.

7



-

E = 2

EX = 5

Q = 20

aRc = QA + Ex -I + ~S + E + DIV -RF

= 20 + 5 -6 + 11 + 2 + 10 -2

= 40

UNIMPAIRED RUNOFF
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UNIMPAIRED STREAMFLOW COMPUTATION
YUBA RIVER NEAR SMARTVILLE

1000 Acre-Feet

DescriQtion Feb. 86 Feb 92

Accumulative Measured Flow = (1 +2)
(1) Measured at Station (#11418000) QA 880.2 QA 78.7
(2) Deer Creek near Smartville QA 77.2 QA 17.2
(USGS #11418500)

ExQorts EX EX
Drum Canal (PG&E) 28.3 21.3
DS Canal (NID) 0.3 0.3
Cascade Ditch (NID) 1.4 1.5
South Yuba Canal (PG&E) [YB-31] 3.2 2.1
Slate Creek Tunnel (PG&E) 24.9 14.1

ImQorts I I
South Yuba Canal (PG&E) [YB-34] -2.4 -2.0

Change in Storage J.S 338.1 J.S 109.3

Evaporation E E
Irrigation & Consumptive Use DIY DIY

Imill QRO 1351.2 QRO 2~
Accum Total 1828.1 363.1
Monthly Normal 298.5 298.5
Accum. Normal 979.6 979.6

RESERVOIRS

.Jan. 86 Feb. 86 .Jan. 92 Feb. 92

Lake Spaulding System (PG&E) 40.8 101.5 29.1 36.2
Narrows Res. (USBR) 56.5 72.9 60.0 63.6
Bowman Lake (NID) 34.6 65.0 24.9 25.3
Bullards Bar Res. (USBR) 622.0 818.5 465.1 555.1
Scotts Flat Res. (NID 39.0 48.5 33.7 39.9
French Lake (NID) 4.2 6.1 8.0 8.4
Jackson Meadows Res. (NID) 32.6 55.3 34.6 36.2

Total Stora~e 829.7 1167.8 655.4 764.7
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A SUMMARY OF CALIFORNIA COOPERATIVE SNOW SURVEYS
WATER SUPPLY FORECASTING PROCEDURES

The water supply forecasting procedures are based on multiple linear regression equations
which relate snow, precipitation, and runoff terms to April-July unimpaired runoff. 1 Forecasts are

made monthly from February 1 through May 1 each year and published in Bulletin 120, ~
Conditions in California. Forecast updates on major Central Valley rivers are produced generally
on a weekly basis until mid-June or later for heavy snowmelt years.

A single equation is used during the February to June forecast season, rather than using a
different forecast equation for each date of forecast. The equations are developed for April 1
conditions, which is typically the date of maximum accumulation of snow water content and
therefore has the highest correlation with April-July runoff.

Forecasts prior to April 1 use hydrologic conditions as of the date of forecast plus the
historic median accumulation of precipitation and snow from the date of forecast to April 1.
Forecasts after April 1 use the April 1 snow index term and actual spring precipitation as it occurs
with assumed median precipitation after the date of forecast.

BASIC EQUATION

The general form of a water supply forecast equation is:

AJRO = Cl(HSNOW) + C2(LSNOW) + C3(OMPT) + C4(AJPT)
+ C5(OMRO) + C6(pYRO) + K

where,
AJRO is April-July runoff in thousand acre-feet
HSNO is the high elevation April 1 snow index
LSNO is the low elevation April 1 snow index
OMPT is the October-March precipitation index
AJPT is the April-June precipitation index
aMRa is the October-March runoff
PYRO is the prior year April-July runoff
K is a constant
C1 through C6 are fixed coefficients.

Many of the forecast equations use combinations of power terms to represent the nonlinear
relationship between the variables. Snow and precipitation terms are indexes of normal snowpack

'Unimpaired runoff is the computed flow representing the natural production of the watershed,
unaltered by upstream diversions, storage, or by export or import of water to or from other watersheds.

10
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water content and precipitation. Indexes reduce the effect of missing data, a common operational

problem.

SNOW INDEXES

The snow index terms HSNO and LSNO use snow course measurements within the
hydrologic basin or in nearby basins. They are computed as follows:

1. The measured water content at each snow course is adjusted to reflect first of the month
conditions (Feb 1, Mar 1, or Apr 1 depending on the date of forecast). Intervening
storms are accounted for by using a nearby precipitation station to add an estimated
storm amount to measurements taken before the first of the month (or subtracting storm
amounts from measurements taken after the first.) The intervening precipitation is
multiplied by the ratio of the snow course April 1 average water content in inches
divided by the precipitation station's Oct-Mar weighted average.

2. The adjusted snow water content is expressed as a percentage of the April 1 historical
average for each snow course.

3. The percentages computed in step 2 are averaged to represent the basin index for the date
of forecast expressed as a percentage of the April 1 snowpack.

4. The historical median accumulation between the date of forecast and April 1 is then
added to the basin index.

Many basins have a single snow term in which high and low elevation courses are combined.
High elevation basins such as those in the Central and Southern Sierra often use 20 or more snow

courses.

ER£CIPIT A TION INDEXES

The winter precipitation index OMPT averages station data in much the same way as the
snow index term. Precipitation is weighted by month, recognizing that early season storms will
contribute less to April-July runoff than those later in the season because soil conditions are

generall y drier.

11
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~omputation steps for winter precipitation are as follows:

1. Monthly precipitation for individual stations is weighted by month:

Month Weight

Oct 0.5
Nov 0.6
Dec 0.7
Jan 0.8
Feb 0.9
Mar 1.0

2. The sum of the weighted precipitation for each station is expressed as a percentage of
the historical October-March weighted average.

3. The percentages for individual stations computed in Step 2 are averaged to represent
the current basin index.

4. The median historical accumulation of precipitation from the date of forecast through
the end of March is then added to OMPT.

The spring precipitation term AJPT is computed in a similar way after the April 1 forecast
~sing monthly weights of Apr = 1.0, May = 0.8, and Jun = 0.6. Prior to April 1, AJPT is

assumed equal to the historical median.

KUtiOFFTERMS

The October-March runoff term aMRa is the accumulated flow at the forecast point in
thousand acre-feet. The effect of this term is generally small compared to the other terms in the

equation.

The prior year runoff term PYRO is the April-July runoff from a year ago and represents
carryover storage in the watershed. For most Sierra watersheds, the carryover term is relatively
small. For some watersheds, however, particularly those with water bearing volcanic formations
such a$ the Pit River, baseflow is an important component to seasonal runoff and may continue to
influ~nce runoff for several years.

12
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FORECAST EXAMPLE

The following figures illustrate typical hydrologic inputs used in the forecast equations.
Figure I shows a snow index computation for the March 1, 1992 snowmelt forecast for the Yuba
River. Each course index is the snow water content in inches divided by the April 1 average and
expressed in percent. In this example, no precipitation occurred after the date of measurement and
therefore the adjustment to the first of the month was zero. The March 1 basin index is the average
of the course indexes. The historical median snow accumulation during March is added to the
March I index to project conditions to April 1.

Figure 2 shows a precipitation index computation for March 1 conditions. The raw and
weighted precipitation are displayed for each month. The lower portion of the table shows
computed indexes arranged by the month of forecast. Monthly precipitation index values for future
months are flagged with an asterisk.

Figure 3 shows a sample snowmelt runoff computation and the contribution made by each
term in the regression equation. The initial forecasts are compared to the historical relationships for
nearby watersheds and adjusted if necessary. The final forecast may also be adjusted to account for
differences between computed and actual flows during recent months.
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